Tamoxifen is a selective estrogen receptor modulator (SERM) that is widely used in the treatment of patients with breast cancer and for chemoprophylaxis in high risk women. Tamoxifen results in a spectrum of abnormalities involving the genital tract, the most significant being an increased incidence of endometrial cancer and uterine sarcoma. This article reviews the effects of tamoxifen on the genital tract and the strengths and weaknesses of various imaging modalities for evaluating the endometrium.
Introduction
Tamoxifen, a selective estrogen receptor modulator, is one of the most commonly prescribed antineoplastic drugs in the world. Tamoxifen has a complex mechanism of action including anti-estrogenic activity in the breast and estrogenic effects in other tissues, including the endometrium. It is widely used for the treatment of breast cancer and for chemoprevention in high risk pre-and postmenopausal women. Tamoxifen has been shown to cause adverse effects at the uterine level, of which endometrial carcinoma and uterine sarcoma are the most significant.
Controversy exists regarding appropriate surveillance for endometrial cancer in these patients [1] . Currently, the American College of Obstetricians and Gynecologists (ACOG) does not recommend screening by endometrial biopsy or transvaginal ultrasound for asymptomatic women treated with tamoxifen [2] . The ACOG recommends a baseline gynecologic evaluation prior to the initiation of tamoxifen followed by routine annual gynecologic evaluation. Women should be informed about the risks of endometrial hyperplasia, endometrial cancer, and uterine sarcoma and should promptly report any abnormal vaginal symptoms. Any abnormal vaginal bleeding should be investigated. However, surveys have indicated that some physicians favor surveillance of asymptomatic breast cancer patients treated with tamoxifen. One community-based study of breast cancer patients treated with tamoxifen found half of the patients reported regular surveillance, by either transvaginal ultrasound or endometrial biopsy, for uterine abnormalities [3] . Therefore, radiologists must become familiar with the imaging features of the uterus in women receiving tamoxifen and the relative strengths and weaknesses of the various imaging modalities with respect to evaluation of the uterus.
Effect of tamoxifen on the uterus
Tamoxifen results in a spectrum of uterine abnormalities including benign alterations such as endometrial polyps, endometrial hyperplasia, endometrial cystic atrophy, adenomyosis, and uterine fibroid growth as well as malignant transformation into endometrial carcinoma and uterine sarcoma [48] .
Endometrial polyps
Endometrial polyps are the most common endometrial pathology reported in association with tamoxifen exposure [1] . The incidence in women treated with tamoxifen is between 8 and 36% versus 010% in untreated women [6, 914] . Tamoxifen-related polyps are different from polyps in the general population. They tend to be larger with a mean diameter of 5 cm versus 0.53.0 cm in the general population. Microscopically, tamoxifenrelated polyps contain a combination of proliferative activity, aberrant epithelial differentiation, and focal periglandular stromal condensation. It has been postulated that the periglandular stromal condensation may be associated with a form of Mullerian adenosarcoma and may also account for difficulties in resecting tamoxifen-related polyps at hysteroscopy [15, 16] . Tamoxifen-related polyps are reported to have an increased rate of malignant change ranging from 3 to 10.7% compared with 0.48% in the general population [14, 17] .
Endometrial hyperplasia
The incidence of endometrial hyperplasia in postmenopausal women with breast cancer treated with tamoxifen is increased. The incidence is 1.320% in these patients, compared to the 010% incidence in postmenoausal breast cancer patients who are not receiving tamoxifen [6, 1013, 1822] . The diagnosis of endometrial hyperplasia is based on microscopic findings of a morphologically abnormal proliferative-type endometrium, with some authors insisting that there must also be an abnormal increase in endometrial volume [22] . Endometrial hyperplasia can be divided into two broad categories: hyperplasia without cytologic atypia and hyperplasia with cytologic atypia. The categories can be further subdivided into simple or complex depending on the extent of glandular complexity and crowding. The nomenclature has prognostic significance: in patients with atypical hyperplasia, 23% progress to carcinoma, whereas in patients without atypia, only 2% progress to carcinoma [22] .
Endometrial carcinoma
Tamoxifen increases the relative risk of developing endometrial cancer. Various studies have reported a 1.37.5-fold increase in the relative risk of developing endometrial cancer with data from major clinical studies indicating tamoxifen use results in an approximately twofold increase in the incidence rate of endometrial cancer [13, 15, 2328] . The risk of developing endometrial cancer increases with duration of treatment and cumulative tamoxifen dose as well as prior estrogen replacement therapy, obesity, and the presence of pre-existing endometrial pathologic conditions [13, 15, 19, 23, 25, 26] . The Early Breast Cancer Trialists Collaborative Group reported the incidence of endometrial cancer in patients treated with tamoxifen approximately doubled in trials of 12 years and approximately quadrupled in trials of 5 years [13, 15, 19, 23, 25, 26, 29] . Many studies found that most cases of endometrial cancers occurring in tamoxifen-treated patients were of low grade and stage, with no differences in stage, grade, or histologic subtype compared to non-treated patients [24, 26, 3032] . However, other studies have found endometrial cancers in postmenopausal patients treated with tamoxifen to be more advanced with poorer prognoses than in non-treated patients [3337] . Additionally, these studies have shown an increase in unfavorable histologies including carcinosarcoma, adenosarcoma and Mullerian mixed tumors, resulting in more advanced stage at diagnosis and worse survival [33, 35, 3741] . In light of these findings, additional studies may be warranted to determine if there may be a benefit to screening asymptomatic women treated with tamoxifen.
Endometrial cystic atrophy/adenomyosis
The paradoxical development of endometrial cystic atrophy, also known as tamoxifen mucosa, in patients treated with tamoxifen may be accounted for by the complex mechanism of action of tamoxifen which includes both agonist and antagonist effects on the endometrium as well as mechanisms unrelated to the estrogen receptor [41, 42] . Endometrial cystic atrophy is diagnosed histologically when multiple cystic spaces lined by atrophic endometrium are present within a dense fibrous stroma [43] . At hysteroscopy, endometrial cystic atrophy is described as smooth, white, hypervascularized, and atrophic, with scattered protuberances [5] . Tamoxifen mucosa differs from the atrophic mucosa in postmenpausal women who are not treated with tamoxifen as their mucosa is characterized as pale, thin, and without protuberances [44] . There is controversy regarding the exact location of the cysts in patients treated with tamoxifen. Some investigators report the cysts reside in the endometrium and others have placed the cysts in the subendometrial location [17, 43, 45, 46] . This is complicated by the fact that endometrial glands that extend into the myometrium are also called adenomyosis. The incidence of adenomyosis is increased 34 times in women treated with tamoxifen than in the general population [7] . Therefore, it is unclear if the apparent increased incidence of adenomyosis in women treated with tamoxifen is a true phenomenon or represents a spectrum of tamoxifen-associated cysts (adenomyosis-like changes) [16] . Regardless of their location, the cysts seen in women treated with tamoxifen do not appear to be premalignant [43] .
Leiomyomas
Estrogen receptors are located both in the endometrium and uterine stroma [41] . Several studies have demonstrated a growth of uterine fibroids in postmenopausal patients treated with tamoxifen [4] . However, the leiomyomas in women treated with tamoxifen do not appear to differ histologically from those in untreated women [4, 47, 48] .
Effect of tamoxifen on the ovaries
Tamoxifen was initially synthesized as a contraceptive in the 1960s but was found to induce ovulation in anovulatory infertile women in 1971 [49] . Tamoxifen induces estrogen production in the premenopausal ovary without a significant subsequent rise in FSH and LH [42] . Pre-and postmenopausal women treated with tamoxifen have an increased risk of developing ovarian cysts [12, 50, 51] . Asymptomatic unilocular cysts in these patients should be followed conservatively and discontinuation of tamoxifen usually leads to the reduction and disappearance of these cysts [50] . One study found women taking tamoxifen for less than 2 years were not at increased risk of ovarian cancer [52] . Of particular concern is the negative effect of tamoxifen-induced ovulation and the risk of ovarian carcinoma in patients with BRCA1 and BRCA2 gene mutations. Annual sonographic monitoring of the ovaries in this population has been recommended although its efficacy is still unproven [42] .
Effect of tamoxifen on the cervix
Tamoxifen has estrogen agonist effects on the cervix of postmenopausal women. In one study, 89% of tamoxifen-treated postmenopausal breast cancer patients developed estrogenized cervical smears rather than atrophic smears [53] . Women treated with tamoxifen have a higher incidence of benign reactive atypia or atypical squamous cells of undetermined significance, without an increase in dysplasia or cervical cancer [54] .
Effect of tamoxifen on the vagina
Tamoxifen has been shown to have both estrogen agonist and antagonist effects on the vaginal epithelium [42, 55, 56] . In one study, an estrogen agonist effect was seen on the vaginal smears in 34 of 49 postmenopausal breast cancer patients treated with tamoxifen and was more common in older patients [57] . Another study showed that there appears to be an anti-estrogenic effect of tamoxifen on the vaginal epithelium in an estrogen-rich environment. The maturation index is a measure of hormonal stimulation on the endometrium and is used to describe the estrogenic status of the vaginal epithelium. When postmenopausal breast cancer patients were primed with estradiol valerate to provide them with an estrogen-rich vaginal epithelium prior to the administration of tamoxifen, the maturation index and estrogenic status of the vaginal epithelium was found to decrease [58] . Despite its mechanism of action, vaginal dryness and dyspareunia have been reported in both pre-and postmenopausal patients treated with tamoxifen [57, 59] .
Imaging review

Endovaginal ultrasound
Ultrasound is the first-line imaging modality for evaluation of the uterus and ovaries. Ultrasound is sensitive, but not specific, for evaluating endometrial abnormalities. The normal postmenopausal endometrium appears as a single echogenic line and should not exceed 5 mm as a bilayer thickness [60, 61] . Most women undergoing tamoxifen treatment have a thicker endometrium compared with control subjects (913 mm versus 4.05.4 mm) [1012, 62] . In postmenopausal women undergoing estrogen replacement therapy, the normal endometrium may measure up to 8 mm in thickness.
The upper limit for normal endometrial thickness on transvaginal US in asymptomatic women receiving tamoxifen remains controversial [63, 64] . Various authors have recommended endometrial thickness cut-off values ranging from 4 to 10 mm with sensitivity of positive histologic findings ranging from 85 to 100% and specificity ranging from 56 to 96% [12, 63, 6569] . Increased endometrial thickness correlates with increased incidence of endometrial pathology [70] . However, positive histologic findings, such as endometrial proliferation and simple hyperplasia, may be clinically unimportant. Additionally, a thicker endometrium on the US image does not necessarily correlate with specific pathologic endometrial findings [66] . Regardless of the cutoff value for detecting endometrial abnormalities, the most common endometrial transvaginal US pattern seen in women treated with tamoxifen is a thickened endometrium with cystic spaces described as a Swiss cheese pattern [1012, 27, 7176] (Fig. 1) . The findings of a thickened endometrial complex, with or without cystic changes, is often non-specific and may be caused by endometrial polyps, submucosal leiomyoma, cystic atrophy, endometrial hyperplasia, or carcinoma [63] .
Hysterosonography
Hysterosonography has increasingly been used to improve the ability to diagnose intrauterine pathologic conditions and to resolve discrepancies between endometrial thickening on transvaginal US images and insufficient material or non-diagnostic results at endometrial biopsy [66, 7782] . Hysterosonography is an attractive adjunct to transvaginal US because it more clearly defines endoluminal lesions that are pedunculated or sessile and can be used to better determine whether an abnormality is endometrial or subendometrial (Fig. 2) .
The potential utility of hysterosonography in imaging tamoxifen-related changes was noted in a 1994 case report in which a patient treated with tamoxifen was described as having an atrophic endometrium at endometrial biopsy despite a thickened endometrium (1.9 cm) on endovaginal US images [83] . Hysterosonography demonstrated a large polyp, which was confirmed and excised at hysteroscopy. Later, Goldstein described five women with a thick, irregular, bizarre, heterogeneous endometrium on endovaginal US images.
At hysterosonography, anechoic areas were noted in the subendometrial proximal myometrium, not in the endometrium as originally interpreted on the basis of endovaginal US images. At endometrial biopsy, all [16] . patients had an inactive endometrium. On the basis of these findings, albeit from a small sample, the author cautioned against over-interpreting a thickened endometrium on transvaginal US images that have not been enhanced with fluid [45] . Achiron et al. also investigated the discrepancy between a thickened endometrium at transvaginal US and benign results at sampling in patients with breast cancer treated with tamoxifen. They evaluated 20 women with cystic thickening (45 mm) of the endometrium at transvaginal US who underwent hysterosonography followed by hysteroscopy and endometrial curettage. In 8 patients, hysterosonography delineated polyps; the remaining 12 patients had endometrial or subendometrial cysts. At inspection and sampling, polyps were confirmed in the first group, whereas 11 of the 12 women in the second group had scanty, senile cystic atrophy. The remaining patient had benign proliferative endometrial changes. The authors concluded that to increase specificity, postmenopausal women treated with tamoxifen who demonstrate thickening of the endometrium on endovaginal US images should undergo hysterosonography [46] . Tepper et al. found that 68 of 114 patients with breast cancer treated with tamoxifen had an endometrial thickness of more than 8 mm at transvaginal ultrasound. Hysterosonography revealed hyperechoic or polypoid masses in 22 patients, and histologic results confirmed the presence of benign endometrial polyps (12 patients), polyps with simple or complex hyperplasia (4 patients), leiomyomas (2 patients), and no tissue obtained (4 patients). In the remaining 46 patients, hysterosonography did not reveal any intracavity pathology. Correlative hysteroscopy and biopsy revealed complex hyperplasia (2 patients), simple hyperplasia (5 patients), and atrophic endometrium or no tissue (39 patients). There were no false negative hysterosonographic diagnoses. The authors concluded that hysterosonography has high sensitivity (100%) and a high positive predictive value (95.5%) in patients receiving tamoxifen who have an endometrial thickness of more than 8 mm at transvaginal US [84] . In a retrospective study of 51 patients treated with tamoxifen, Hann found a significantly higher sensitivity of hysterosonography (100%) versus endometrial biopsy (4%) for the diagnosis of endometrial polyps. She concluded that sonohysterography should be considered for evaluation of abnormal uterine bleeding or thickened endometrium on ultrasound even if endometrial biopsy results are negative [85] . In a prospective study by Fong, the combination of transvaginal ultrasound and hysterosonography for diagnosing endometrial abnormalities increased the specificity to 77.1% compared with a specificity of 55.7% with ultrasound alone [63, 67] . At hysterosonography, polyps appear as smoothly marginated echogenic masses with or without cystic areas. Polyps often have a narrow attachment to the endometrium but may be broad-based (Fig. 3) . Submucosal fibroids appear as round structures arising from the myometrium, commonly with wide attachment to the myometrium, although they are occasionally pedunculated. Hysterosonographic features of adenomyosis include small cysts which appear in the inner myometrium [63] . Diffuse smooth thickening of the endometrium suggests hyperplasia, however, hyperplasia may also appears as irregular asymmetric endometrial thickening [86] . An irregular heterogenous mass or irregular focal thickening of the endometrium is suggestive of endometrial carcinoma [63] (Fig. 4) .
Doppler
In an attempt to increase the specificity of sonography for detecting endometrial pathology, Doppler studies of the endometrium of women on tamoxifen have been performed. Several studies have shown lower impedance of the uterine and endometrial flow compared with control groups [12, 46, 65, 87] . However, in the majority of these studies Doppler indices have been unable to differentiate between benign and pathologic etiologies [12, 46, 65, 87, 88] . In certain cases, color Doppler US can improve the [16] . (c,d) Reprinted with permission from Ascher et al. [90] specificity of sonography by showing the feeding artery in the pedicle of a polyp [12, 46, 65, 73, 87] .
MR imaging
MR imaging can demonstrate both endometrial and myometrial pathologic conditions. MR imaging may be appropriate in patients with an equivocal or abnormal endovaginal US who are unable to undergo hysterosonography due to cervical stenosis and at centers that do not offer hysterosonography [16] . MR imaging has been shown to have a higher specificity than ultrasound in evaluating the uterus. One study compared MR imaging with transvaginal US for uterine evaluation in 28 women with breast cancer treated with tamoxifen. Histopathologic correlation was obtained in 21 patients. Histopathologic results included polyps (8 patients, 1 with superficial carcinoma), cystic atrophy (10 patients), and proliferative change (3 patients).
For the correlation of imaging findings with histopathologic results, MR imaging had 100% sensitivity and 61.5% specificity, whereas endovaginal US had 87.5% sensitivity and 7.7% specificity. There was no statistically significant difference between the two modalities in terms of mean endometrial thickness. Of interest, tamoxifen-associated cysts were noted on MR images in eight of 12 patients with a false-positive endovaginal US diagnosis, including seven of 10 patients with cystic atrophy. These cysts may be responsible for spurious endometrial thickening on endovaginal US images. The authors concluded that both modalities are sensitive for the detection of endometrial abnormalities, although neither is very specific [89] .
Ascher et al. described two different MRI appearances of the endometrium in 35 postmenopausal women with breast cancer who were undergoing tamoxifen treatment, and they correlated the imaging findings with histopathologic results. The first pattern, found in 18 patients, showed homogeneously high signal intensity in the endometrium on T2-weighted MR images (mean thickness, 0.5 cm) associated with contrast material enhancement of the endometrialmyometrial interface and a signal void lumen on a gadolinium-enhanced image (Fig. 5) . Ten of 18 patients with this pattern had an atrophic or proliferative endometrium at histopathologic analysis. The second pattern found in 17 patients showed an endometrium with heterogeneous signal intensity on T2-weighted MR images (mean thickness, 1.8 cm) associated with enhancement of the endometrialmyometrial interface and lattice-like enhancement traversing the endometrial canal on gadolinium-enhanced images (Fig. 6) . Twelve of 17 patients with this pattern had polyps, one of which had a focus of endometrial carcinoma. Although larger studies are needed to determine if MR imaging can help reliably distinguish the various endometrial pathologic conditions associated with tamoxifen use, Ascher et al. concluded that MR imaging may (a) help identify those patients who should undergo a sampling procedure versus those who can be followed up non-invasively with MR imaging and (b) lead to a more aggressive intervention (dilation and curettage vs endometrial biopsy) if a non-diagnostic or normal result is obtained in a patient with abnormal MR imaging findings [90, 91] . Gadolinium enhancement can improve the evaluation of endometrial abnormalities. Specifically, an enhancing stalk is seen in many polyps, allowing the diagnosis to Reprinted with permission from Silva et al. [91] .
be established with confidence (Fig. 7) . The ability of MR imaging to help accurately predict myometrial invasion has been established in the general (untreated) postmenopausal population, and these findings should hold true for women receiving tamoxifen [9295] .
Conclusion
Currently no active screening for patients treated with tamoxifen, other than routine annual gynecologic surveillance, is recommended. Patients presenting with vaginal symptoms require evaluation and surveys have indicated that some physicians favor surveillance of asymptomatic breast cancer patients treated with tamoxifen. Therefore radiologist must be familiar with the effects of tamoxifen on the genital tract and the strengths and weaknesses of the imaging modalities.
To aid in that process, we offer an imaging algorithm based on results in published reports. Transvaginal US should be the first-line imaging modality for evaluation of the uterus in asymptomatic women undergoing tamoxifen treatment. Although there is no consensus, we conservatively use 5 mm as the upper limit for normal endometrial thickness in asymptomatic women treated with tamoxifen. Asymptomatic women can then be screened annually with transvaginal ultrasound from 1 to 2 years after the start of tamoxifen. The strength of transvaginal US is in the normal findings. In cases where the transvaginal US image is non-diagnostic or is suggestive of an abnormality, hysterosonography can provide additional information. That is, hysterosonography can be used to image polyps and endometrial-myometrial/subendometrial cysts with confidence and can help direct sampling procedures when necessary. MR imaging may be appropriate in patients with an equivocal or abnormal endovaginal US scan who are unable to undergo hysterosonography due to cervical stenosis and at centers that do not offer hysterosonography [16] . An enhancing stalk originating from the posterior endometrium allows the diagnosis of polyp to be established with confidence. Reprinted with permission from Ascher et al. [90] .
